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@ Optical storage devices. 

@ in a process and apparatus for manufacturing an optical storage device, a film (4) of liquid crystal (LC) 
material, such as an LC polymer, is deposited on an elongate substrate (1), and the substrate is fed 
through a temperature^ntrolled region (5) In which the temperature of the fOm is raised above the 
glass transition temperature of the LC material and is subsequently lowered so that the material is 
initialised to an optimum light-scattering texture. The substrate may then be out Into sections, each for 
use as an optical storage device. 
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This invention relates to a process and apparatus 
for manufacturing optical storage devices such as 
microfilms, microfbnms and microfiches, and also 
larger recording media, such as A4 size sheets, using 
liquid crystaliine materials. 

Liquid crystals, in general, ana unique materials 
which exhibit anisotropy of various physical proper^ 
ties, including refractive index and dielectric suscep- 
tibility. These properties allow liquid crystal (LC) 
materials to be controlled by electric fields and 
thereby to provide the responses commonly found In 
liquid crystal displays (LCDs). 

Liquid crystal polymer (LCP) materials are a 
specific dass of liquid crystal n»terials which exhibit 
these properties and additionally exhibit the potential 
advantages of conventional polymer materials, such 
as mechanical integrity and ease of processing. 

LCP materials can be used as thermo-optic and 
photo-optic storage media The application of LCPs in 
the area of optical recording is of particular Interest 
and these electm-responsive materials further offer 
the prospect of erasability In recording media. 

Unlike conventional LCs. LCP materials are high 
molecular weight materials which possess many of 
the properties of the actual plastics substrates which 
are used in plastic LCD manufacture. These elec- 
troactive polymers are thus more compatible vf'tth 
such substrates, particulariy when conrectly 
engineered wiUi respect to their phase behaviour. The 
scope for molecular engineering is a further advan- 
tage of LCP materials, tiiis scope being broader than 
for the low mdar mass materials, since polymers can 
be oopolymerised, crossllnked, plasticised and form 
interpenetrating networto, etc. Furtiiermore, because 
of the size of their molecules. LCPs do not possess 
the powerful solvent characteristics exhibited by con- 
ventional LC nrtaterials, which present problems when 
using organic substrates. 

Although advantages of LCPs for optical record- 
ing applications have been identified, some funda- 
mental problems exist in their use. The productibn of 
h^h pptic^ quality LCP'filih'of the^piirity w^ 
eledronics Industry demands is difficult to achieve. 
The occurrence of pinholes and Impurities In LCP 
films Is detrimental to tfieir operation under electric 
fields, and results In increased power consumption 
and ultimately In power shortage. 

For LCP materials, such as polyacrylates and 
polyesters, which have a glass transition temperature 
Tg above ambient, it is found tiiat localised heating by 
a laser beam produces an optically dear written spot 
or line. This Is different from the response of LCP 
materials, such as ttie polysiloxanes, which have Tg 
below ambient and adopt a scattering texture when 
locally heated by a laser beam. . 

The dear written spot or line results from rapid 
cooling of ttie written material into ttie glass phase, so 
that tiie dear isotropic texture is quenched into the 



solid glass phase. 

In consequence of ttiese characteristics of Uie 
materials exhibited during writing, a device made 
therefrom must have a background of a dense scat- 

5 taring texture in order to obtain a negative contrast 
hnage. This can be achieved by cooling tiie material 
of ttie device tiirough tiie liquid crystal phase in a man- 
ner such tiiat it aOows scattering to occur. 

Since Uie LCP material does not requ^ ttie appll- 

10 cation ttiereto of an electric field in order to produce 
a scattering texture or dear lines or spots, it is poss- 
ible to make a device wittiout electrodes. This results 
in a far simpler construction and Is partfeulariy advan- 
tageous when mass producing devices fitmi a oon- 

15 tinuous web of materia! fed from a roil. 

It is an object of ttie present invention to provide 
a process and apparatus for produdng optical storage 
devices on a mass production scale firom liquid crystal 
material. 

20 According to one aspect of the invention ttiere is 
provided a process for manufocturing an optical stor- 
age device, comprising ttie steps of depositing a fSm 
of a liquid crystal material along ah elongate sub- 
strate; and feeding ttie substrate with ttie film ttiereon 

25 through a temperature-controlled region In which the 
temperature of the film is raised above tiie glass tran- 
sition temperature of tiie liquid crystal material and 
subsequentty lowered, whereby tiie material is initial* 
ised to an optimum light-scattering texture. 

30 According to anottier aspect of tiie invention ttiere 
is provMed apparatus for manufacturing an optical 
storage device, comprising means to feed a strip of 
substrate material along a feed patti; means to 
deposit a film of liquid crystal material along tiie sub- 

35 strate strip; and temperature control means along said 
patti for heating ttie strip witii ttie film ttiereon to a teno- 
perature above ttie glass transition temperature of the 
liquid crystel material and subsequentiy lowering tiie 
temperature, whereby tiie material Is initialised to an 

40 optimum light-scattering texture. 

The substrate witti ttie Initialised film ttiereon may 
be cut Into portionSi each for use as a respective opti- 
cal storage device. 

Embodimente of ttie invention will now be des- 

45 cribed. by way of example, witti reference to ttie 
accompanying drawing, which is a schematic side 
view of apparatus for mass produdng optical storage 
.devices. 

Referring to ttie drawing, a strip 1 of a flexible 
50 transparent plastics material, such as polyettiylene 
terephttialate (PET), is drawn from a rdl 2 of the ma- 
terial and is passed ttirough a coating unit 3 which ' 
deposits on ttie strip a ttiln film 4 of a liquid crystal 
polymer. Preferably tiie ttilckness of tiie strip 1 for 
55 micrographics applications Is around 75-100^m and 
ttiat of ttie film 4 is in tiie range of 1-1 O^m. and pref- 
erably around 3-5}im. The ttiinness of ttie overall con- 
struction is Important when ttie combined strip and 
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film is to be used as an optical mass stoiage medium. 
It should then be of the minimum acceptable thick- 
ness so as to allow the maximum storage capacity per 
unit volume when sheets of the material are stacked 
up. but it must, on the other hand, be sufficiently thick s 
to be easily handled. In general, however, the thick- 
ness of the strip and the fSm wfll be detenmined by the 
specific application of the resulting storage devices. 

The film 4 may be fbnned by applying a liquid 
crystal polymer/ solvent solution to the sMp .1 using a io 
doctor blade, the strip being held under tenston during 
the application of the solution. The sdvent must, of 
course, be selected such that it does not attack the 
strip 1, Altematwely a hot melt LC material may be 
used. 15 

Attematively. the film 4 may be extruded on to the 
strip 1 or may be deposited by any other suitable coat- 
ing technique. 

After the coating, the material will not have the 
optimum scattering density, since there will be resi- 20 
dual alignment of the polymer material due to the coat- 
ing process. Furthemnore. for hot melt or exbuded 
films the material will have cooled quickly and will be 
partially or fully quenched, again giving a lower scat- 
tering density than would be possible witti the ma- 25 
terial. 

If a polymer in solvent solution is used for produc- 
ing the film, the film must be subsequently dried. This 
may give rise to poor scattering. 

For each coating technique It is therefore neces- 30 
ary to initialise the film to obtain the maxium possible 
scattering density In order to maximise the contrast of 
the film. 

In orderto initialise the film, ttie strip 1 witii the film 
4 thereon is passed ttirough an oven 5, which ther- 35 
mally anneals the film. The lengtii of the oven and the 
speed of travel of the strip tiirough the oven are selec- 
ted for optimum treatment of the particular LCP ma- 
terial. The film must be heated above the glass 
transition temperature Tq and Is then left in eitiier the 40 
liquid crystal state or ttie isotropic state fer an 
optimum period of time. This period will deperid upon 
the type of polymer, the transition temperature of the 
polymer and the annealing temperature. There are a 
number of different metfiods for annealing liquid crys- 45 
tai polymer materials. These include: 

(a) Heating tiie material into tiie isotropic state, 
maintaining the temperature for x minutes, where 
X will depend upon ttie particular material and ttie 
annealing temperahjre, and ttien cooling ttie ma- so 
terial slowly ttirough ttie liquid crystal phase into 

the glass phase. 

(b) Heating ttie material into tiie liquid crystal 
state, maintaining the temperature for x minutes 

and then cooling ttie material to ttie glass phase. 55 

(c) Heating ttie material into ttie isotropic state, 
maintaining ttie temperahire for x minutes, cool- 
ing ttie material to ttie ilquki crystal state, main- . 



taining ttie temperature for x minutes, ttien cool- 
ing ttie material to tiie glass phase. 

(d) Heating ttie material into ttie biphasic region, 
maintaining ttie temperature for x minutes and 
cooling ttie material slowly ttirough the liquid crys- 
tal phase into ttie glass phase. 

(e) Any combination of heating into ttie isotropic 
state, ttie liquid crystal phase and ttie biphask; 
region and maintaining ttie temperature for x 
minutes. 

(f) Cydicaliy heating and cooling tiie material, for 
example heating tiie material into tiie isotropic 
state, maintaining tiie temperature for x minutes, 
cooling ttie material into ttie liquid crystal phase, 
reheating to the isotropic state and repeating the 
cyde. The material is finally cooled to ttie glass 
phase. Alternatively, ttie cycling can be effected 
between ttie Ilquki crystal phase and the glass 
phase. 

The oven 5 will have heating and cooling regions 
disposed along its lengtii in order to effect ttie 
required initialisation steps as ttie film 4 passes 
through it 

The strip 1 witfi the Initialised film tfiereon is ttien 
passed tiirough a die 6, which cuts tiie strip into 
required shapes, such as A6-size microfiches. A buf- 
fer loop 7 is provided between the oven 5 and tiie die 
6. The manufacturing process can be entirely auto- 
mated. 

For ttie polyester materials which have been 
Investigated ft has been found that it is preferable to 
heat the material into the isotropic phase and maintain 
the temperature. In order to relax out any order 
induced by the coating operation. The time required 
will depend upon how far above the clearing point 
temperature Tc ttie material Is annealed. The material 
is ttien preferably cooled Into ttie liquM crystal phase 
and maintained at tfiat temperature for a period of 
time sufftelent to achieve a scattering texture In ttie 
material. Again ttie time will depend on how far ttie 
temperature Is above Tg. 

Furttier improvement may tfien be achieved by 
passing the material between tiie glass phase and the 
liquid crystal phase a number of times, for example 
between two and ten times. 

Tests on a liquid crystal polymer material desig- 
nated AFR Sg supplied by Akzo International 
Reseafx:h B.V. of Amhem, Nettieriands have resulted 
in a passible inftiatisation process as indicated below. 
The results were obtained using laboratory samples 
of single sheets of material. It will be apparent ttiat the 
temperatures and periods may be differentfor a mass 
production process. The material has Tg = 55*C and 
Te - 90^C. The process steps were 

(1) Heat from room temperature to 1 0O^C at a rate 
ofS'^C/mln 

(2) Mabitain at 100*^ for 10-30 minutes 

(3) Coolto80<'CatS«amln 
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(4) Maintain at 80<'C for 10-30 minutes 

(5) Cool to room temperature at S^'CVmin 

(6) Heatto70«C at 5*'C/min 

(7) Cooi to room temperature at 5*>CVmin 

(8) Heatto70<'Cat5<'C/min s 

(9) Cool to room temperature at S^C/min. 

LCP fDms produced by the process according to 
the invention can be used for many different appli- 
cations, such as updatabie and erasatjie microfilms, 
fiches, aperture cards, slides and tapes, larger io 
recording media, such as A4 sheets (e.g. overhead 
projector sheets), and digital storage, such as optical 
cards, compact discs and computer data storage 
discs. 

Since the film can be returned to a scattering text- is 
urn t>y heating it into the isotropic or liquid crystal 
phase and applying a suitable temperature profile, it 
is possible to erase any infomfiatlon written thereon. 
This may be achieved by using a heater which heats 
the devices in bulk. Alternatively, it may be achieved 20 
locally by using a laser beam. 

Although a flexible substrate may be preferable in 
many applications, the substrate might alternatively 
be rigid or semkigid. Appropriate modifications would 
then be made to the strip feedvig arrangements. 25 



Claims 

1. A process for manufacturing an optical storage 30 
device, characterised by the steps of depositing 
a film (4) of a liquid crystal material along an elon- 
gate substrate (1); and feeding the substrate wfth 
tiie film thereon through a temperature-controlled 
regjon (5) In which the temperature of the fSm Is 3S 
raised above the glass transition temperature of 
ttie liquid crystal material and subsequentiy low- 
ered, whereby tiie material Is initialised to an 
optimum light-scattering texture. 

2- ^PSg^^aliT^ljbR^^ 
that:^t^e l|qu|jd Gr)^t.^rndb8fld Is 

pdj^TOT. . 

3. A process as claimed in Qalm 1 or Claim 2, 45 
characterised in that in the temperature-control- 
led region (5) the film (4) is heated to its isotropic 
state and is maintained in that state for a pre- 
detemnined period of time and is subsequently 
coded at a controlled rate into its glass phase. so 

4. A process as claimed In Oaim 1 or Claim 2, 
chaia^erised in that in the temperature-control- 
led region (5) the film (4) is heated to its liquid 
crystal state, is maintained in that state for a pre- ss 
detenmined period of time and Is subsequently 
cooled at a controlled rate into its glass phase. 



5. A process as claimed in Claim 1 or Claim 2, 
characterised in ttiat in the temperature<x)ntroi- 
led region (5) the film (4) is heated to its isotropic 
state and is maintained in that state for a pre- 
detenmined period of time, is cooled to its liquid 
crystal state, is maintained in tfiat state for a pre- 
detemiined period of time, and is then cooled at 
a controlled rate to its glass phase. 

6. A process as claimed in Claim 1 or Claim 2, 
characterised in that in the temperature-oontrof- 
led region (5) the film (4) is heated to its biphasic 
region, is maintained in that region for a F»edeter- 
mined period of time and is cooled at a controlled 
rate tiuough its liquid crystal state to its glass 
phase. 

7. A process as daimed in Claim 1 or Oaim 2. 
characterised in Uiat in the temperature-control- 
led region (5) the film (4) is subjected to a plurality 
of heating/cooling cycles. 

8. A process as claimed in Clabn 7, characterised in 
tiiat each heating/cooling cyde comprises heat- 
ing tiie fflm to its isotropic state, maintaining it in 
that state for a predetemnined period and cooling 
it into its liquid crystal state. 

9. A process as daimed in Claim 7, characterised in 
that each heating/cooling cyde comprises heat- 
ing tiie film (4) to its liquid crystal state and cooilhg 
it to its glass phase. 

10. A process as daimed in any preceding daim. 
characterised in that tiie material is deposited on 
tiie substrate (1) as a liquid crystal/solvent solu- 
tion. 

11. A process as daimed in any one of Oaims 1-9, 
characterised in ttiat ttie material is deposited on 
tiie subsfrate as a hot melL 

1Z A process as daimed In any one of Claims 1-9, 
characterised in ttiat the material is extruded on 
to tiie substrate (1). 

13. A process as claimed in any preceding claim, 
characterised in ttiat ttie substrate (1 ) is formed of 
polyetiiylene terephttialate. 

14. A process as da&fned In any preceding datm, 
characterised in ttiat after said Initialisation step 
ttie substrate (1) wltii ttie initialised film (4) ttie- 
reon is cut Into portions, each for use as a respec- 
tive optical storage device. 

15. Apparatus for manufacturing an optical storage 
device, comprising means to feed a strip (1) of 
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substrate material along a feed path; means (3) 
to deposit a fam (4) of liquid crystal material along 
the sut>strate strip; and temperature control 
means (5) along said path for heating the strip 
with the film thereon to a temperature above the 
glass transition temperature of the liquid crystal 
material and subsequently lowering the tempera- 
ture, whereby the material Is Initialised to an 
optimum light-scattering texture. 
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